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Matlab 对模型进行求解；以平均粒径为 25.2 nm 的单分散性（尺寸偏差<15%）
金纳米球为例，将理论值和真实值进行比较，验证了沉降位移模型的可靠性；将
该模型用于预测多分散性（尺寸偏差>15%）金纳米球的分离效果，并进一步优





































































The electronic, optical, magnetic and catalytic properties of noble metal 
nanoparticles (NPs) strongly depend on their shape and size. The size and shape 
control of the noble metal NPs is one of the significant issues in the field of 
nanotechnology. By far, synthesis of NPs with uniform size and morphology is still 
challenging due to the various affecting factors and different synthetic methods. 
Therefore, separation and purification of polydisperse NPs has been an important and 
effective complementary strategy to acquire monodisperse NPs and improve their 
properties. Moreover, biosynthesis has emerged as environmentally friendly, mild, 
and simple process for producing metal NPs with multiple sizes and shapes. Herein, 
gold (Au) NPs with different sizes and/or shapes were biosynthesized by using the 
extract of sun-dried plant leafs. Density gradient centrifugation (DGC), agarose gel 
electrophoresis (AGE), membrane filtration (MF) and “Two-step separation” were 
employed to separate Au NPs and obtain the Au NPs with uniform size and 
morphology. The influences of parameters on the separation process and the 
mechanism of the separation also have been explored in this dissertation. Main work 
and results are presented as follows: 
Firstly, DGC was employed to separate Au nanospheres base on size difference. 
On the basis of the existing particle settling velocity model, the particle sedimentation 
shift model had been established and numerical solved by Matlab software; the 
reliability of the model have been confirmed by accurate calculation of the 
sedimentation shift of the monodispersed Au nanospheres (size deviation > 15%) of 
25.2 nm. In addition, the separation efficiency of polydispersed Au nanospheres (size 
deviation > 15%) can be predicted and optimized by the calculation from the model, 
and 8 min was chose as the optimal centrifugal time. The monodispersed Au 
nanospheres had been separated into three fractions, whose diameters were 18.0±0.9 
nm，25.2±1.6 nm，37.5±2.3 nm, respectively. The influences of centrifugal time and 
centrifugal force on the separation effect of DGC were evaluated. The results 
indicated that, for the system contained NPs with greater differences in size, 
increasing the centrifugal time (or centrifugal force) would result in better separation 
















a straight line, but rather went through a gradual and flexuous process. Furthermore, 
with the extension of time, the growth rate of the space between particles (separation 
effect) decreased. By comparing several centrifugal mediums, including glycerol, 
sucrose, polyvinyl pyrrolidone and cesium chloride, sucrose was chosen as the 
optimal one for water soluble Au NPs. Centrifugation was more appropriate for NPs 
with big size while rotary evaporation for small ones.  
Secondly, AGE was employed to separate Au nanospheres and Au nanoplates in 
smaller size (120-200 nm). The influences of the concentration of gel, the voltage and 
the concentration of TBE buffer solution, as well as the possible mechanisms were 
explored. The results showed that the optimal conditions of separation were 1.2 % gel 
concentration, 100 V voltage and 1×TBE buffer solution. By derivation and 
calculation, it can be indicated that with the same other conditions, the mobility of 
NPs was linearly correlation with the concentration of gel (negative) and the voltage 
(positive). When raised the concentration of TBE buffer solution (0.5-2×TBE), the 
mobility of NPs would increased and their stabilities would be improved. Moreover, 
Comparing the chemical synthesized NPs and biosynthesized ones in the process of 
AGE separation, the latter was more stable in the given buffer solution without any 
further modification. 
Thirdly, MF was employed to separate Au nanospheres and Au nanoplates with 
bigger size (200-900 nm). When a sol containing Au nanospheres and Au nanoplates 
was continuously filtered through a hollow fiber membrane, almost 100% Au 
nanospheres passed it through smoothly into the filtrate, while Au nanoplates were 
retained. Syringe-driven filter (0.22 µm filtration membrane) was employed to 
separate Au nanospheres from larger-sized Au nanoplates (200-900 nm), and the 
influences of parameters on the separation were explored. The results showed that at 
some extend, the smaller the pore diameter of the membrane and the higher the pH 
value are, the more purified nanospheres can be obtained，while the purified 
nanoplates can be acquired at the bigger pore diameter of the membrane and the lower 
pH value. When employing membranes of different materials ， hydrophobic 
membranes were found not be appropriate for aqueous Au sol. Compared with nylon 
membrane, hydrophilic mixed cellulose ester membrane can reduce the loss of NPs 
during the filtration process, and become the better choice of the separation process in 
















If the filtration volume is small, MF is similar to the process of molecular sieve, 
namely, smaller-sized particles suffered less resistances and stayed less time in the 
membrane so that they came out prior to larger-sized particles. 
Finally, “Two-step separation” was first employed to separate the polydisperse 
biosynthetic Au NPs. DGC was first employed to achieve size separation of Au NPs, 
subsequently, the size-graded NPs were separated according to their shapes by AGE. 
Combining DGC with AGE, we successfully separated the biosynthetic Au NPs (46.7
±9.7 nm for nanoshperes and 107.7±32.6 nm for nanoplates, SD: 20–30%) and 
obtained monodispersed Au NPs (SD: 4–5% for nanospheres and 6–7% for 
nanoplates) . This two-step method of purifying NPs is efficient for complex systems 
that contain polydisperse NPs with different shapes. 
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上的、粒径非常小（小于 5 nm）的金纳米球，在低于室温的条件下（可低至 197 
K），不仅具有很高的催化CO氧化的性能，而且还具有良好的抗水性、稳定性和
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